Lysine analogues are used to select for lysine-excreting mutants of Lactobacillus plantarum. The use of lactobacilli that excrete lysine for the enrichment of foods and feedstuffs by fermentation is discussed. Bacteria regulate their amino acid biosynthesis so that they produce no higher concentrations of amino acids than they need for growth (3). However, mutants have been reported (3) which overproduce amino acids, generally because of defective repressor systems or inoperative feedback inhibition. We report a method to select and assay for spontaneous mutants that overproduce lysine. Lactobacillus plantarum, ATCC 8014, a common lactic acid producer, excreted less than 1 Mg of lysine per ml when grown in a lysine-free broth (lysine assay medium, Difco Laboratories, Detroit, Mich.). Cultures were incubated in shake culture for 24 h at 30 C, and cell number increased from 106 to 6 x 107. Growth was completely inhibited by the lysine analogue S-2-aminoethyl-L-cysteine (2; Sigma Chemical Co., St. Louis, Mo.) at concentrations as low as 5 Ag/ml. This inhibition was eliminated by L-lysine at about one-fifth the molar concentration of the analogue.
Lysine analogues are used to select for lysine-excreting mutants of Lactobacillus plantarum. The use of lactobacilli that excrete lysine for the enrichment of foods and feedstuffs by fermentation is discussed. The increase in lysine content of soybean milk by a mutant of L. bulgaricus and in silage by L. plantarum is shown.
Lysine, a limiting amino acid in both human and animal nutrition, is added to many foods and feedstuffs. If lysine could be incorporated into foods and feedstuffs in the course of natural fermentation by lactic acid bacteria, or yeasts (e.g., fermented dairy products, beer, or silage), considerable nutritional advantage would accrue.
Bacteria regulate their amino acid biosynthesis so that they produce no higher concentrations of amino acids than they need for growth (3) . However, mutants have been reported (3) which overproduce amino acids, generally because of defective repressor systems or inoperative feedback inhibition. We report a method to select and assay for spontaneous mutants that overproduce lysine. Lactobacillus plantarum, ATCC 8014, a common lactic acid producer, excreted less than 1 Mg of lysine per ml when grown in a lysine-free broth (lysine assay medium, Difco Laboratories, Detroit, Mich.). Cultures were incubated in shake culture for 24 h at 30 C, and cell number increased from 106 to 6 x 107. Growth was completely inhibited by the lysine analogue S-2-aminoethyl-L-cysteine (2; Sigma Chemical Co., St. Louis, Mo.) at concentrations as low as 5 Ag/ml. This inhibition was eliminated by L-lysine at about one-fifth the molar concentration of the analogue.
To select. spontaneous lysine-excreting mutants, paper disks impregnated with 2 Mg of the analogue were placed on the surface of lysine assay medium solidified with 1.1% Ionagar (Colab Laboratories, Inc., Glenwood, Ill.) that had been seeded on the surface with L. plantarum. After 4 days of incubation at 30 C, spontaneous mutants of L. plantarum appeared within the zone of inhibition.
The ability of these spontaneous mutants to excrete lysine was tested by streaking them on the surface of plates of solid lysine assay medium seeded with Leuconostoc mesenteroides ATCC 8042, a strain that requires lysine and is used in standard assays. We tested DL-a,Ediaminopimelic acid (Sigma Chemical Co., St. Louis, Mo.) of which the L form is the immediate precursor of lysine and found it would not support growth of L. mesenteroides. Colonies that provided maximal growth of the assay organism were isolated and subjected to mutation selection cycles with solid media. That is, each mutant was retested against a higher level (10 Ag/disk) of S-2-aminoethyl-L-cysteine, reisolated, and tested against a still higher level of the analogue. The cycle of testing and reisolation was repeated at least four times, until L. plantarum isolates resistant to a level of 5 mg of the analogue per disk were obtained. Lysine excretion of selected spontaneous mutants of L. plantarum and the increase with higher doses of S-2-aminoethyl-L-cysteine is shown in These silage isolates were also tested with S-2-aminoethyl-L-cysteine, as previously described, and lysineexcreting mutants were selected. Mutants were also tested against two other lysine analogues, L-lysine hydroxamate and fl-hydroxylysine, mixed DL and DL-allo (Sigma), and both were as effective as S-2-aminoethyl-L-cysteine. Mutants resistant to S-2-aminoethyl-L-cysteine were not necessarily resistant to other analogues, and vice versa. Inoculation of chopped fodder is successful in improving the final product (5). We inoculated lysine-excreting mutants of L. plantarum into small samples of freshly chopped maize plants. After 3 days of anaerobic incubation the samples of silage inoculated with wild-type L. plantarum contained 0.45% L-lysine (dry weight basis), whereas the mutant strain yielded 0.63% L-lysine. The method for selection of spontaneous lysine-excreting mutants might be used for lactic acid bacteria used in yoghurt, sour cream, buttermilk, fermented soybean milk, and sauerkraut, as well as silage.
We selected lysine-excreting mutants of L. bulgaricus (wild type obtained from C. W. Hesseltine, Northern Regional Research Laboratory, Peoria, Ill.). The mutants and the wild type were inoculated into soybean milk (4) . The mutants increased the lysine content of the fermented soybean milk from 4 to 14%.
Mutant yeast might also be employed in brewing beer, and in fact a lysine-excreting yeast, grown on hydrocarbon, has been described (1).
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